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Air pollution is 
dangerously high (WHO)

• 9 out of 10 persons in the globe breathe high 
levels of pollutants.

• 7 million premature deaths.

Cause of many human 
diseases (WGBC)

• 1/3 of global deaths from heart diseases.

• Cause of many other diseases such as asthma. 

Carbon Dioxide is the 
most significant GHG
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• 40% of CO2 are emitted from buildings life 
cycle.

• Approx. 3 billion tonnes of CO2 emissions/year 
from cement industry.

•  Cement industry emits 6% to 8% of global CO2.

Key Facts

The Silent Killer

Figure 1. View of Beirut from  Fayyadiyeh mountain hill. (16/9/2020) .
The capital is in the background quasi totally covered by pollution fog.
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What is Concrete?

Composition 

• Concrete is a construction 
material composed of 
cement (most commonly 
Portland cement), fine 
aggregates (sand) and 
coarse aggregates mixed 
with water.

• Portland cement is 
composed of 80% burning 
limestone and 20% clay. 

Cement Manufacture

• Cement clinker is 
manufactured in a rotary 
kiln at a temperature of 
1450 ºC approximate.

CO2 Emissions

• 50% of CO2 are emitted 
directly from the de-
carbonation of limestone 
or calcination process.

•  40% of CO2 are emitted 
from fuel combustion in 
the rotary kiln.

• 10% of CO2 are indirect 
emissions from quarrying 
and transportation.
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Chemical Reaction of Cement 
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Cement clinker is the product of calcination i.e. when calcium carbonate 
(CaCO3) and silicon dioxide (SiCO2) are combined in furnace at 1450 ºC to form 
tricalcium silicate or clinker.

3CaCO3   +   SiO2  Ca3SiO5   +      3CO2 
                                                 calcium       silica                  calcium             carbon
                                                 carbonate                               silicate              dioxide
                                                                                                (clinker)

heat
1450 ºC
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Cement Main GHG Emissions at Production
Estimate in g. 
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CO2 NOx SO2

GHG Emissions
per 1,000 g of production CO2 NOX SO2

Estimate Amount 900 4 0.27
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What is Green Concrete?

Composition 

Green Concrete contains one 
or more green components – 
such as silica fume or fly ash. 

Manufacture Process

Consumes Less energy / 
green energy during 
manufacturing process.

Pollutants Emissions

Fewer greenhouses gases 
emissions than ordinary 
concrete during its life cycle. 
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Green fuel is consumed 
during one or more stages of  
transportation during its life 
cycle. 

Physic./Chem. Properties

Absorbs/reduces the 
quantity of one or more 
pollutants. 

Transportation 

It is an ecological building material with a positive impact on the environment in one or all of the stages of its life cycle 
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The Photocatalysis Reaction

Composition

The cementitious material 
contains titanium dioxide 

TiO2. 

NOx abatement

Light generates a series of 
chemical reactions turning 

NOx into NO3  :

Anti-
contamination

NO3 and contamination 
are washed out by water 

such as rain

10

NOx               HNO2                  NO2                NO3

TiO2
NOx

NO3

UV 
light

UV 
raysTiO2

A leading Italian firm has developed a green cement with titanium dioxide 
component. 

Used as finish building  or urban component – precast panels or 
pavement blocks or others, it, also, help to reduce heat islands effects.  
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Results
Many alternatives present several barriers:

Availability / Environmental 
Considerations

The alternative should not deplete an 
environmental resource.

Performance / 
LCA

The alternative should 
outperform the ordinary 

concrete during its life cycle.

Cost

The alternative should present 
optimized life cycle cost.
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Recommendations for an Efficient Green Concrete Alternative

Standards 
definition 

• Global platform 

•  database

Cross-disciplinary 
collaboration

• Engineering 

• Environmental

• Agriculture

• Others

Further Research / 
Innovation

• Production

• Composition

• Phys./Chem. Reactions

• Others

Models

• Analytical 

•  numerical 

•  experimental

Demonstration 
projects

• Performance tests

• Field data
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Conclusion
Further research is required

• Circular economy /  life cycle assessment is 
required for the green concrete alternative. 

• The low carbon footprint concrete alternative 
specifications should outperform the ordinary 
worldwide used concrete material positive 
specifications including high performance, wide 
availability and cost.

• A global platform/database should be 
developed for further analysis. 

• All parameters impacting the raw materials and 
the overall green concrete performance to be 
determined. 

• Finally, built large structures with this proposed 
green alternative(s) should present a proof of 
the withstanding of the various structural 
conditions and, above all, the test of time. 

13



Your Logo or Name Here

Acknowledgments

• The authors are grateful to Dr. Carlo 
Andrea Castiglioni for his valuable 
support of this technical review. 

• The authors would like, also, to thank, 
Politecnico di Milano society for providing 
most adequate research environment.

14



Thank You    
+1 23 987 6554

kalle@email.com



Your Logo or Name Here

• [1]    World Health Organization. (2018). 9 out of 10 people worldwide breathe polluted air - #AirPollution. Available 
online at: https://www.who.int/news-room/air-
pollution#:~:text=Air%20pollution%20levels%20remain%20dangerously,from%20exposure%20to%20polluted%20air. 
[accessed on 29 August 2020].

• [2]  World Green Building Council. (2019). Air quality on the built environment. Available online at 
https://worldgbc.org/clean-air-buildings/impacts. [accessed on 29 August 2020]. 

• [3] Nunez, C. (2019). Carbon dioxide levels are at a record high. Here's what you need to know. National Geographic, 
Environment | Explainer. Available online at: https://www.nationalgeographic.com /environment/global-
warming/greenhouse-gases/. [accessed on 16 September 2020]. 

• [4] Government of the Netherlands. (n.d.). Central government stimulates use of alternative fuels Available online at: 
https://www.government.nl/topics/environment/policy-on-eco-friendly-transport-fuels. [accessed on 16 September 
2020].

• [5]   Gomez, J. (2020). Capturing CO2: How to reduce carbon dioxide emissions from the cement industry. Euronews. 
Available online at: https://www.euronews.com/2020/03/16/capturing-co2-how-to-reduce-carbon-dioxide-emissions-
from-the-cement-industry. [accessed on 6 September 2020].

• [6]  The Constructor – Civil Engineering Home (n.d.). Concrete Technology. Available online at 
https://theconstructor.org/concrete/. [accessed on 6 September 2020].

References

16

https://www.who.int/news-room/air-pollution#:%7E:text=Air%20pollution%20levels%20remain%20dangerously,from%20exposure%20to%20polluted%20air.
https://www.who.int/news-room/air-pollution#:%7E:text=Air%20pollution%20levels%20remain%20dangerously,from%20exposure%20to%20polluted%20air.
https://worldgbc.org/clean-air-buildings/impacts
https://www.government.nl/topics/environment/policy-on-eco-friendly-transport-fuels
https://www.euronews.com/2020/03/16/capturing-co2-how-to-reduce-carbon-dioxide-emissions-from-the-cement-industry
https://www.euronews.com/2020/03/16/capturing-co2-how-to-reduce-carbon-dioxide-emissions-from-the-cement-industry
https://theconstructor.org/concrete/


Your Logo or Name Here

• [7]   Agarwal, N. & Garg, N.. (2018). A research on green concrete. IJIRMPS. Volume 6. Issue 4. pp. 362-378.

• [8]   Naqi A. & Jang G. (2019). Utilizing low-carbon emission fuels and raw materials: a review. MDPI. Sustainability.  11, 
537.

• [9]  McCarthy M.J. & Dyer T.D.. (2017). Lea’s Chemistry of Cement and Concrete. (Fifth Edition). Butterworth-Heinemann. 
Chap. 9. Pages 363-467. Available online at:  https://doi.org/10.1016/B978-0-08-100773-0.00009-5. [accessed on 10 
September 2020].

• [10]  Liew K.M., Sojobi A.O., Zhang L.W. (2017), Review - Green concrete: prospects and challenges. Construction and 
Building Materials, 156. pp. 1063-1095.

• [11] Italcementi Group. (2009). TX®Active – The photocatalytic active principle – Technical report. Bergamo – Italy.

• [12] GPI Global Product Innovation - HeidelbergCement Group. (2020).Photocatalytic communication kit – the role of 
photocatalytic cement-based products as sustainable solutions. Bergamo – Italy.

• [13] Yang L., Hakki A., Wang F., Macphee. (2018). Photocatalyst efficiencies in concrete technology: The effect of 
photocatalyst placement. Applied Catalysis B: Environmental, 222. pp. 200-208.

• [14] Biblioshiny – the shiny interface for Bibliometrix. (2020). Available online on 
https://www.bibliometrix.org/Biblioshiny.html [accessed on 16 September 2020].

References

17

https://doi.org/10.1016/B978-0-08-100773-0.00009-5

	On Green Concrete �
	About Us
	About Us
	About Us
	  Key Facts
	   What is Concrete?
	Chemical Reaction of Cement 
	 Cement Main GHG Emissions at Production
	  What is Green Concrete?
	The Photocatalysis Reaction
	  Results
	  Recommendations for an Efficient Green Concrete Alternative
	Conclusion
	Acknowledgments
	 Thank You    
	References
	References

